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Complex retinal detachment includes proliferative vitreoretinopathy, traction retinal detachment, giant
retinal breaks, and a subset of retinal detachments associated with trauma. These situations present
a particular challenge to retinal reattachment procedures. Speciﬁc intraoperative and postoperative
vitreoretinal techniques may facilitate effective repair of complex cases. The author present a review of
vitrectomy techniques, microsurgical instrumentation, and postoperative management with intravitreal
tamponade agents. Many techniques and tools are required to repair complex retinal detachments;
a vitreoretinal surgeon must master all the described techniques and utilize ﬂexible decision-making. A
25-gauge, sutureless vitrectomy without scleral buckling is the best option for complex retinal
detachments.
Copyright  2012, The Ophthalmologic Society of Taiwan. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Complex retinal detachment is not a formally deﬁned term but
can be considered inclusive of proliferative vitreoretinopathy
(PVR), traction retinal detachments (TRD), giant retinal breaks, and
selected retinal detachments associatedwith trauma. These disease
processes often require management of marked vitreoretinal trac-
tion, epiretinal membranes, and multiple or large retinal defects.
This reviewwill focus on epiretinal membrane (ERM)management,
surface tension management (tamponade), and drainage of sub-
retinal ﬂuid.2. Epiretinal membrane management
The strength of adherence between ERM and retina determines
whether membrane peeling or shearing with scissors or the
vitreous cutter is the optimal technique. In general, vitreomacular
conditions and PVR are characterized by relatively low adherence
and therefore ideal for peeling techniques. Machemer initially
described peeling with a bent needle only 2 years after the ﬁrst
successful pars plana vitrectomy.1 Conor O’Malley soon developed
the pic, a rounded-tip instrument much less likely to penetrate theite 190, Memphis, TN 38119,
e Ophthalmologic Society of Taiwretina than a bent needle. Forceps membrane peeling using end-
gripping forceps was developed by the author to eliminate the
need for bent needles and pics by enabling one-step pinch peeling
of the ERM, adherent vitreous cortex, or ILM.2 Bent needles, pics,
membrane scrapers, and various types of long blade forceps require
a second step to remove the ERM from the eye once peeling is
initiated and are far more likely to cause iatrogenic retinal breaks.
End-gripping forceps must have short (125 micron), perfectly
aligned gripping platforms, which is not the case with any long
blade forceps or asymmetric forceps. The goal is to grasp the
epicenter of the ERM or ILM, not to create or search for an edge
(hence the term inside-out forceps membrane peeling).
Diabetic traction detachments uniformly have highly adherent
ERM not suitable for membrane peeling. Therefore scissors
segmentation, scissors delamination, or cutter delamination is
required. Scissors segmentation with vertical scissors was devel-
oped by the author as amethod to release tangential traction on the
retina by sectioning ERM into multiple epicenters without
removing any ERM.3 Although this method has worked well for
over 3 decades, it was apparent early on that bleeding from the cut
edges of ERM produced ﬁbrin clots between epicenters, which
served as a substrate for glial recurrence and redetachment. The
author then developed scissors delamination, which allowed
removal of ERM instead of sectioning ERM into epicenters, thus
reducing the glial recurrence rate.4 Epicenters of ERM also resulted
in late rhegmatogenous retinal detachments due to atrophic holes
developing from areas of chronic elevation. Delamination wasan. Published by Elsevier Taiwan LLC. All rights reserved.
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135). Curved scissors match the concave curvature of the retina
and are less likely to impale the retina than horizontal scissors.
Curved scissors are also better for segmentation than vertical
scissors because blade thickness is less than blade width; less force
is applied to the retina when one blade is introduced in the
potential space between the ERM and the retina. Curved scissors
are the best choice for both segmentation and delamination.
High cutting rates (5000 cuts/minute or more) and advanced,
fast response-time ﬂuidics have enabled use of the vitreous cutter
for a signiﬁcant amount of ERM removal in TRD cases. The author
developed two types of cutter delamination: conformal and fold-
back. Conformal cutter delamination is performed by feeding ERM
into the port at the leading edge of the ERM with angle of attack
continuously adjusted to somewhat rotate the port away from the
retina, thereby reducing iatrogenic retinal breaks. Foldback cutter
delamination is only possible with more ﬂexible (typically thinner)
ERM. It is performed by placing the cutter on top of the ERM with
the port just behind the leading edge of the ERM.
3. Relaxing retinotomy versus retinectomy
Machemer developed relaxing retinotomy at the same time that
the author developed retinectomy. Relaxing retinotomy results in
retina, ERM and vitreous anterior to the retinotomy being retained
potentially leading to cyclitic membrane formation and chronic
hypotony. Retinotomy is often performed in a ﬂuid environment
while retinectomy is done incrementally under air or silicone oil.
Retina, ERM and vitreous anterior to the retinal cut are then
removed with the cutter. Scissors are not needed and diathermy is
rarely required, only for very large retinal vessels.
4. Subretinal surgery
Machemer and the author simultaneously and independently
developed subretinal surgery. The author’s technique is called
punch-through retinotomy and does not require diathermy, use of
the vitreous cutter, or making a large incision in the retina. A pair of
25-gauge forceps with the blades closed are pushed through the
retina at the highest point of retinal elevation due to a subretinal
band at a point just adjacent to the band. The forceps are with-
drawn slightly and opened to grasp, lift, and remove the band; the
endoilluminator can be used as a fulcrum to double the tangential
pull length. Pre-existing retinal breaks can also be used to access
the subretinal space. Dense, ﬁbrous, often vascularized, bands can
be divided with scissors through a punch-through retinotomy to
relieve the traction without removing the band.
5. Interfacial tension agents
Exchange techniques are utilized in vitreoretinal surgery to
inject or remove interfacial tension agents such as air and longer
acting gases, perﬂuorocarbon liquids, and silicone oil after the
vitreous has been removed. These substances are often called
tamponade agents, which is a poor term. Interfacial tension is
a better term than surface tension and is not related to viscosity or
density. Air and air-gasmixtures produce greater interfacial tension
(70 mN/m) than silicone oil (40e45 mN/m) or perﬂuorooctane
(PFO; 50 mN/m). The silicone-PFO interface produces only
5e7 mN/m of interfacial tension, thus explaining why these
substances become mixtures over time. Density determines where
the bubble goes, interfacial tension determines what it does and
viscosity derives injection method. Some surgeons believe that PFO
cannot be used with 25-gauge surgery because it is too viscous;
however, PFO is actually less viscous than BSS although it hasalmost twice the density, which demonstrates that density and
viscosity are not related. PFO has almost as much interfacial tension
as silicone oil, although oil has more than 1000 times greater
viscosity. Most surgeons perform ﬂuid-air exchange (FAX) coupled
with internal drainage of subretinal ﬂuid to attach the retina, treat
the retinal breaks with endophotocoagulation, and then perform
air-silicone exchange (ASX) for proliferative vitreoretinopathy
(PVR). They are often surprised if part of the inferior retina is
detached on the ﬁrst postoperative day; this is because the inter-
facial tension of air is greater than that of silicone oil and the
postoperative force of residual traction is greater than the interfa-
cial tension of oil. In addition, subretinal ﬂuid (SRF) is often highly
viscous and can take an extended period to migrate to a posterior
drainage retinotomy site giving the false perception that all SRF was
removed. Silicone oil emulsiﬁcation is related to many factors but
by far the most signiﬁcant parameter is interfacial tension, which is
not related to viscosity, explaining why the emulsiﬁcation rate of
1000 cs oil is virtually the same as 5000 cs oil.
Interfacial tension agents have widely varying properties; air,
gas and silicone oil ﬂoat while PFO sinks in aqueous. Air and gas
absorb over time while PFO and oil remain in place. The patient can
see through silicone oil but not air, gas, or PFO. Oil can be left in the
eye long-term while PFO can remain for only 2e3 weeks.
Factors in silicone oil emulsiﬁcation include steep bubble radius
due to an incomplete ﬁll and saccade driven motility, or post-
operative bleeding and inﬂammation, all of which decrease inter-
facial tension. Nystagmus is another factor in emulsiﬁcation
because it increases the shear rate, spinning off small bubbles.
6. Terminology
Logical terminology is essential in a procedural context as well.
English language convention is that word order is relevant; ﬂuid-air
exchange means replace ﬂuid with air. Often surgeons incorrectly
call this gas-ﬂuid exchange, which actually means remove gas and
replace it with ﬂuid. Some even state gas-ﬂuid exchange when they
mean internal drainage of subretinal ﬂuid. The author prefers
to use IDS for internal drainage of subretinal ﬂuid, FAX for ﬂuid-air
exchange, AGX for air-gas exchange, ASX for air-silicone exchange,
and PSX for perﬂuoroctane-silicone exchange.
7. Drainage of subretinal ﬂuid
Most vitreoretinal surgeons use near total internal drainage of
subretinal ﬂuid and total FAX when using vitrectomy to repair
retinal detachments. The author invented internal drainage of
subretinal ﬂuid 3 decades ago to drain subretinal ﬂuid through
a pre-existing or iatrogenic retinal break or drainage retinotomy
rather than through the sclera, choroid, and retinal pigment
epithelium,5 which risks bleeding and retinal incarceration.
Unlike cryopexy during scleral buckling, vitrectomy using internal
drainage and FAX enables post-reattachment retinopexy, which,
in turn, enables precise location of endolaser retinopexy without
overtreatment. In addition, treatment of both the retina and RPE
results in stronger adherence than treating RPE and choroid alone.
Internal drainage of subretinal ﬂuid, when coupled with FAX
enables assessment of residual vitreoretinal traction; a step the
author calls the reattachment experiment. Assessment of residual
vitreoretinal traction can determine the need for interface
vitrectomy, additional forceps peeling of epiretinal membranes,
scissors segmentation/delamination, or retinectomy performed
“under” air.
When the author introduced internal drainage of subretinal
ﬂuid the vitreous cutter was used, which is a useful technique in
selected cases with larger retinal breaks and any question of
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needle, which is a nontapered, end-opening, blunt cannula with
a port on the handle to control ﬂuid egress with the surgeon’s
ﬁngertip (hence the term “ﬂute,” named after the musical instru-
ment). This cannula was also used to remove free blood products
using a technique called “vacuum cleaning.” Many surgeons called
this “passive egress,” which is incorrect; IOP can produce
a substantial pressure difference across the port relative to atmo-
spheric pressure, which is no safer than so-called active suction.
O’Malley6 soon thereafter suggested that ﬂuid egress would be
better controlled by using the console and foot pedal, a technique
he called “extrusion.” The author immediately adopted extrusion
because it prevented inadvertent motion of the tip when covering/
uncovering the port on the handle and enabled more precise
vacuum control as well as foot pedalecontrolled reﬂux.
Grizzard and Flynn7 independently developed various ﬂexible
or soft-tip cannulas that, in the author’s opinion, are preferable to
rigid cannulas for all applications. Soft-tip cannulas are less likely to
damage the retina, optic nerve, RPE, or choroid due to patient
movement or positioning errors caused by suboptimal visualiza-
tion. Soft-tip cannulas should be inserted through the retinal break
to a position just above or gently touching the RPE to reduce the
likelihood of retinal incarceration in the port. Small diameter,
especially 25-gauge soft-tip cannulas are ﬂexible and will ﬂex to
conform to the RPE surface when inserted through a retinal break
or retinotomy. A 25-gauge soft-tip cannulas provide sufﬁcient ﬂow
rates when used with proportional (linear) vacuum with a preset
maximum rate of 600e650 mm Hg.
Internal drainage of subretinal ﬂuid should be initiated before
starting FAX to prevent subretinal ﬂuid from being displaced pos-
teriorly by the buoyancy of the air. Internal drainage can be per-
formed through a preexisting retinal break or mid-peripheral
drainage retinotomy well away from the macula and vascular
arcades. Internal drainage should be continued during FAX to
prevent posterior displacement of subretinal ﬂuid; the view is often
transiently lost until bubbles coalesce necessitating stable posi-
tioning of the soft-tip cannula. Removal of the ﬂap from ﬂap tears
not only eliminates traction but also reduces the likelihood of
retinal incarceration in the soft-tip cannula.
8. Intraocular lens fogging during ﬂuid-air exchange
Fogging is not speciﬁc to silicone Intraocular lens (IOLs),
although they have a higher thermal mass than PMMA or acrylic
IOLs and have a higher posterior capsular opaciﬁcation rate than
acrylic IOLs. Fogging occurs when a Nd:YAG laser capsulotomy has
been performed and the cataract surgeon or vitreous surgeon
removes the anterior vitreous cortex, enabling the warm air bubble
to come into contact with the relatively cooler IOL causing
condensation. PFO is ideal when fogging of the IOL occurs. If fogging
occurs, then the air should be replaced with infusion ﬂuid and the
retina attached with PFO, followed by conﬂuent endophotocoagu-
lation surrounding all retinal breaks and ﬁnally by placement of the
soft-tip cannula in the optic nerve cup to perform a PFO-gas
exchange. Often, a few drops of PFO will be retained when fogging
occurs during the exchange but these can be removed at a later time
if necessary. Alternatively, ASX can be performed; condensationwill
disappear when the silicone oil reaches the posterior surface of the
IOL, and internal drainage of subretinal ﬂuid followed by endo-
photocoagulation to all breaks can be completed under oil.
9. Air-gas exchange
AGX should be performed after internal drainage of subretinal
ﬂuid combinedwith FAX are used to attach the retina and conﬂuentendophotocoagulation performed around all retinal breaks. It is
essential to use an isoexpansive gas concentration, as developed by
Gary Abrams, to prevent high postoperative IOP or undersized
bubbles. Sulfur hexaﬂuoride (SF6) should be mixed with air to
achieve a 25% concentration; 18% is appropriate for C3F8. It is
dangerous to estimate the volume of the air bubble in the vitreous
cavity and inject a gas concentration higher than the isoexpansive
concentration or 100% gas. This inaccurate method can result in
high IOP and central retinal artery occlusion or inadequate post-
operative bubble size. Some surgeons use partial ﬂuid-air exchange,
and higher gas concentrations, which are inaccurate and prone to
high postoperative IOP or inadequate bubbles. The air-gas
concentration should be carefully determined; many errors have
occurred by confusing cubic centimeters with percentda potential
disaster when a different size syringe is used than that used when
the percent calculation was done. The Alcon Constellation (Alcon
Laboratories, Fort Worth, TX) has a software applet to perform the
calculation after Auto-Gas Fill is accomplished.
10. Liquid perﬂuorocarbon techniques
The author prefers PFO to perﬂuorodecalin because the BSS/
aqueous-PFO interface is much more visible, which facilitates
both exchanges and removal. PFO should be injected slowly near
the retinal surface to avoid multiple small bubbles, preferably
into the optic nerve cup or nasally to prevent damage to the
macula. The key idea is to start with a small bubble and then
inject into the top of this bubble, expanding it as a single bubble.
The MedOne (Sarasota, FL, USA) 25-gauge dual-bore PFO injec-
tion cannula permits ﬂuid egress as the PFO is injected to
maintain a normal IOP. The cannula must be retracted as the PFO
level rises to avoid loss of PFO through the ﬂuid egress port. PFO
is best injected by using the Alcon Viscous Fluid Controller (VFC,
Alcon Laboratories, Fort Worth, TX) on the Constellation or
Accurus platform with the injection pressure set at 10 psi.
Liquid perﬂuorocarbon liquids are essential for repair of giant
breaks, an essential concept that was developed by Chang.8,9
Conﬂuent laser retinopexy surrounding the break and extend-
ing to the ora should precede exchange for gas or silicone oil.
Wong10 has pointed out that a full PFO ﬁll, i.e., elimination of all
BSS, subretinal ﬂuid, and liquid vitreous is essential to prevent
slippage. Turning off the infusion and injecting more PFO to
maintain the IOP helps eliminate non-PFO ﬂuids. PFO air
exchange often results in slippage of the giant break; the author
has recently transitioned to direct PFO-silicone exchange for
superior giant breaks. The author has used medium term PFO
(described below) for inferior and selected temporal and nasal
giant breaks for many years. A chandelier is required for illumi-
nation when performing direct PFO-silicone oil exchange to avoid
the time consuming method of injection oil through the infusion
cannula; PFO is aspirated with the 25-gauge soft-tip cannula
from the optic nerve cup while oil is injected with an Alcon, 25-
gauge, short, thin walled, metal silicone oil cannula using the VFC
set at 80 psi.
Although many surgeons ﬁnd PFO advantageous for stabilizing
the retina during epiretinal membrane peeling for proliferative
vitreoretinopathy (PVR), the author ﬁnds this method unnecessary.
A signiﬁcant disadvantage of this method is the not uncommon
occurrence of subfoveal PFO that never absorbs, dramatically
reduces vision, and ultimately damages the macula. If subfoveal
PFO occurs, it must be promptly removed. Careful technique can
reduce the incidence of this problem.
PFO can be also used to remove subretinal ﬂuid in cases without
PVR or giant breaks. PFO increases cost and can result in subfoveal
PFO.
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PFO is injected into the vitreous cavity, which often results in
subretinal ﬂuid being displaced anterior to themost anterior retinal
break unless a giant break is present. Anterior displacement of
subretinal ﬂuid can be managed by extending a retinal break to the
ora with scissors or the vitreous cutter by making a small drainage
retinotomy at the ora, or simply by inserting a soft-tip cannula
through a retinal break and carefully removing the subretinal ﬂuid
without removing PFO.
11. Medium-term PFO
The author has used medium-term PFO to repair selected infe-
rior rhegmatogenous retinal detachments involving inferior PVR,
and giant retinal breaks since PFO became available. The technique
allows the patient to stand, sit, travel by air, and even work and
drive when the fellow eye has good vision. The technique involves
completing the vitrectomy and removing all traction followed by
attaching the retina with PFO and endophotocoagulation
surrounding all retinal breaks and suspicious areas. A total PFO ﬁll
is utilized and infusion clamped after a total PFO ﬁll. The PFO is left
in place for 2 weeks, until the laser marks pigment and then
removed with 25-gauge system. Topical Durezol (diﬂuprednate
0.05% ophthalmic emulsion, Alcon Laboratories, Fort Worth, TX) is
used to reduce the foreign body inﬂammatory response. Intra-
vitreal Alcon Triesence (triamcinolone, Alcon Laboratories, Fort
Worth, TX) was used before Durezol became available; this method
occasionally results in triamcinolone deposit on the lens or IOL.
12. Silicone infusion
Air-silicone exchange (ASX) is preferable to ﬂuid-silicone
exchange in most cases because air helps keep silicone out of the
anterior chamber, even in phakic or pseudophakic eyes. The author
performs a 25-gauge, transconjunctival vitrectomy in all cases and
perform ASX by injecting 1000 cs oil through the superotemporal
cannula with an Alcon 25-gauge short, thin wall, metal cannula
while allowing air to escape through the open superonasal cannula.
The author clamps the air infusion cannula line when oil reﬂuxes
up the infusion tubing and continue the oil injection, carefully
monitoring the IOP until all the air comes out in phakic or IOL eyes.
Silicone oil should be brought to the pupillary plane in aphakic
eyes. Air egress is made possible in phakic eyes and IOL eyes by
positioning the eye and the patient’s head so the open superonasal
cannula is at the highest point, although an air bubble can be
removed by extrusion with the soft-tip cannula when care is taken
to stay out of the oil and not touch the lens.
13. Silicone removal
Silicone oil should not be removed unless the retina is
attached; all retinal breaks are surrounded by conﬂuent laser and
preferably three rows of 360 laser have been applied. It is not
necessary to remove oil in older patients especially when an IOL
is present and silicone is not in the anterior chamber. It is best
practice to use a 25-gauge, three-port technique to remove sili-
cone oil. The author removes oil with the Alcon silicone tubing
removal cannula connected to Constellation VFC (Alcon) by
placing it over the outside of the superonasal cannula hub. The
BSS infusion maintains the IOP during removal and the super-
otemporal cannula can be opened at the end to allow additional
egress of small silicone bubbles. Complete silicone oil removal is
made possible by positioning the eye and the patient’s head so
the superonasal cannula used for extraction is at the highest
point.14. Silicone reoperations
The author has reoperated all silicone cases for epimacular
membrane or redetachment without removing the oil for more than
25years. Before25-gaugevitrectomywasdeveloped, theauthorused
a short silicone infusion tubing-cannula device attached to the
Accurus Viscous Fluid Controller to infuse silicone oil as subretinal
ﬂuid is removed. In recent years, the author developed a two-port,
sequential oil injection and subretinal ﬂuid removal technique
using theAlcon25-gaugesystemtotop-uptheoilwhenthe IOPdrops
from removing subretinal ﬂuid for 25-gauge silicone reoperations.
15. Interface vitrectomy
Interface vitrectomy is based on performing a variety of tech-
niques with air, PFO, or silicone oil in the eye. Vitrectomy, forceps
membrane peeling, scissors segmentation/delamination, diathermy,
laser, and retinectomy allworkwell with these agents in the eye. The
term interface was selected to emphasize that the vitreous cutter
must be placed outside the air, PFO, or silicone oil bubble. Air and
silicone oil ﬂoat in infusion ﬂuid, but PFO sinks; it is crucial to
understand that a ﬂuid layer always exists at the retinal surface and
that the retina is more than 90% water as well as immiscible in air,
PFO, or oil. The author introduced the concept of endophotocoagu-
lation and operating “under” air more than three decades ago11 and
Chang8 introduced membrane peeling “under” PFO for PVR cases.
Interface vitrectomy prevents an increase of subretinal ﬂuid during
traction removal, allows realistic assessment of remaining traction,
conﬁnes bleeding to the interface, and stabilizes the retina. Air
stabilizes the retina by spring dampening, silicone oil by viscous
dampening and PFO by inertial (F¼MA) and gravitational (high-
speciﬁcgravity) effect. Theauthoruses25-gaugevitrectomy for these
cases and is careful to avoid applying vacuum while the port is in
silicone oil. Moderate amounts of subretinal silicone can be removed
in conjunctionwith retinectomy and ERM removalwithout plugging
the vitreous cutter by using vacuum setting of 600e650 mm Hg.
16. Summary
Many techniques and tools are required to repair complex
retinal detachments; a vitreoretinal surgeon must master all the
described techniques utilize ﬂexible decision making. A 25-gauge
sutureless vitrectomywithout scleral buckling is the best option for
all complex retinal detachments.
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